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Abstract— One of the requirements in making concrete (both 
structural and non-structural) is fresh water. However, the data 
of United Nations and WMO (World Meteorology Organization) 
predicted around 5 billion people will be in a lack of fresh water 
at the end of 2025. Hence, the use of fresh water only for primary 
needs. And it is important for the world of concrete construction 
to seriously study the possibility of sea water as mixing water in 
making concrete (hereinafter called seawater concrete) which can 
minimize usage of fresh water and help the areas that have 
difficulty fresh water to accelerate development infrastructure by 
using concrete material. On the other hand, concrete is exposed 
to seawater will experience some chemical and physical action, 
such as chemical attack, corrosion of reinforcing bars induced by 
chloride, etc. The presence and intensity of various forms of 
chemical and physical attack depend on the location of the 
concrete to the sea level. The chemical action of seawater on the 
concrete arises from the fact that seawater contains a number 
dissolved salts. Some research revealed that mixing concrete 
using seawater can increase the compressive strength compared 
to using fresh water. A very interesting phenomenon to be 
studied experimentally using local materials and cement 
containing fly ash and slag which is a by-product, so it has 
indirectly participated maintain the ecosystem and reducing CO2
 The results showed that seawater can be used as mixing water 
and curing water. Although the setting time of cement become 
longer by using seawater, however, it did not significantly affect 
the mechanical properties of mortar and concrete. In addition, 
strength of mortar and concrete increase when using seawater as 
mixing water. 
 
emissions.  A series testing and analysis of qualitative and 
quantitative was conducted to evaluate the mechanical properties 
of seawater concrete. This study aims to examine and analyze the 
feasibility of seawater as mixing water for making concrete, 
especially for non-structural concrete.  
Keywords— seawater, mechanical properties, non-structural 
concrete 
I. INTRODUCTION 
Indonesia is the world’s largest archipelago, with over 7.9 
million square kilometers of sea and more than 17,000 islands. 
There are many low land area, where many peoples live in the 
distant and isolated islands that lack of fresh water. 
Transporting the fresh water for concrete production to the 
distant and isolated islands will make the price of concrete 
work becomes more expensive. In order to overcome the 
problem of shortage of clean water in the distant island, and 
saving the fresh water over the world, this research seeks to 
use sea water to produce concrete.  
One of the requirements in making concrete (both 
structural and non-structural) is fresh water. However, the data 
of United Nations and WMO (World Meteorology 
Organization) predicted around 5 billion people will be in a 
lack of fresh water at the end of 2025 [1]. Hence, the use of 
fresh water only for primary needs. And it is important for the 
world of concrete construction to seriously study the 
possibility of sea water as mixing water in making concrete 
(called seawater concrete) which can minimize usage of fresh 
water and help the areas that have difficulty fresh water to 
accelerate development infrastructure by using concrete 
material. 
 In order to overcome the continuous dumping of waste 
material, this research also use Portland Composite Cement. 
Fly ash is an environmental pollutant industrial which is by-
product from coal-fired power plants. Some cement factories 
undertake a project to produce the blended cement containing 
of fly ash cement in order to reduce CO2
Some research revealed that mixing concrete by using 
seawater can increase the compressive strength compared to 
using fresh water. A very interesting phenomenon to be 
studied experimentally using local materials and cement 
containing fly ash and slag which is a by-product, so it has 
indirectly participated maintain the ecosystem and reducing 
CO
 emissions from the 
production of cement clinker, to reduce the consumption of 
raw materials such as limestone and clay, and to contribute a 
cleaner environment through the recycling of waste materials 
such as fly ash. The incorporation of fly ash in blended cement 
such as Portland composite cement achieves ecological benefit 
and material saving [2].  
2 emissions.  A series testing and analysis of qualitative 
and quantitative was conducted to evaluate the mechanical 
properties (compressive strength, tensile strength and flexural 
strength) of seawater cement mortar and concrete. This study 
aims to examine and analyze the feasibility of seawater as 
mixing water for making concrete, especially for non-
structural concrete.  
II. EXPERIMENTAL PROGRAMME 
 A laboratory study was undertaken to investigate the effect 
of seawater as mixing water on the hydration characteristic of 
cement and the properties of corresponding cement mortar and 
concrete. The program included the determination of standard 
consistency and setting time of cement using seawater of 
different concentrations. 
A. Material used 
Portland Composite Cement (PCC) conforming to SNI 15-
7064-2004 from a single lot was used for the entire 
investigation. Portland composite cement used in this paper is 
produced by Indonesia cement manufacture and readily 
available on the market. Some component oxides and physical 
properties of cement used in this research are described in 
Table I and Table II, respectively.   
TABLE I.  SOME COMPONENT OXIDES OF PCC 
Oxide 
SNI 15-7064-2004 Portland Composite Cement (PCC) 
Standard Typical Interval 
MgO 6.0 max 0.97 
SO 4.0 max 3 2.16 
Loss of Ignition 5.0 max 1.98 
*Technical specifications 
TABLE II.  PHYSICAL PROPERTIES OF PCC 
Physical Properties SNI 15-7064-2004 Cement Used Standard 
Air content of mortar (%) 12 max 11.5 
Fineness/ Blaine meter (m2 280 min /kg) 382 
Expansion, % (max) 0.8 max - 
Compressive strength   
   a. 3 days (kg /cm2 125 min ) 185 
   b. 7 days (kg /cm2 200 min ) 263 
   c. 28 days (kg /cm2 250 min ) 410 
Time of setting (Vicat test) :   
   a. Initial set, minutes 45 min 132.5 
   b.Final set, minutes 375 max 198 
False setting time (minutes) 50 min - 
Heat of hydration 7 days, cal/g  65 
Normal consistency  (%)  24.15 
Specific gravity  3.13 
*Technical specifications 
 
Crushed stone (maximum size of 20 mm, fineness modulus 
of 6.67) and river sand (fineness modulus of 2.44) conforming 
to SNI 03-1968-1990 were used as coarse aggregate and fine 
aggregate, respectively. Table III show the physical properties 
of aggregate. 
TABLE III.  PHYSICAL PROPERTIES OF AGGREGATE 
Property Crushed Stone River Sand 
Specific Gravity 
Oven Dry 2.73 2.53 
Saturated Surface 
Dry 2.82 2.57 
Water absorption, % 1.87 0.57 
*Test data 
B. Variables of study 
(1) Artificial seawater of different concentration NaCl (2% 
and 5%) made in laboratory by mixing fresh water with exact 
amount of sodium chloride (NaCl). The enhanced salt 
concentration of seawater was used as salinity variations. 
(2) Two different specimens, namely a cement mortar and 
concrete were used.  
(3) Both fresh water and seawater were used as mixing and 
curing water. The characteristic and chemical components of 
seawater are shown in Table IV. 
TABLE IV.  CHARACTERISTICS AND CHEMICAL COMPOSITION OF 
SEAWATER   
Specific Gravity (gr/cm3 pH ) Salinity (0/00) 
1.01 7.9 31.0 
Chemical Composition (mg/L) 
Na K Ca Mg Cl SO- CO4 3 
6894 455.4 182.2 1724 9443 108.6 204 
 *Test data 
 
(4) For mortar specimens: fresh water, seawater, NaCl 2% 
solution and NaCl 5% solution were used as mixing water; and 
all specimens was cured in fresh water. Relevant test was 
conducted i.e. normal consistency, initial and final setting, 
compressive strength, tensile strength and flexural strength. 
The number of samples at each testing age was five. 
(5) For concrete specimens: fresh water, seawater, NaCl 
2% solution and NaCl 5% solution were used as mixing water; 
while curing water used fresh water for all specimens, except 
specimen whose using seawater as mixing water, then was 
cured in sea water. Relevant test was conducted like 
compressive strength and modulus of elasticity. The number of 
samples at each testing age was five. Table V and Table VI 
present setting time and mix proportion of concrete, 
respectively. 
TABLE V.  SETTING TIME 
Cement Paste Tap water Sea water NaCl 2% NaCl 5% 
Normal 
Consistency 
(%) 
25 26.8 26.5 26 
Initial Setting 
(minutes) 70 80 80 90 
Final Setting 
(minutes) 210 215 210 225 
*Test data 
(6) Type and size of test specimens consist of:  
(a)  50 mm diameter and 100 mm height of cylinder for 
cement mortar (compressive and tensile strength testing) 
(b) 100 x 100 x 400 mm beam for flexural testing of 
cement mortar  
(c) 150 mm diameter and 300 mm height of cylinder for 
concrete.  
(7) The specimens were demoulded after 24h and immersed 
curing in fresh water or seawater at 27oC until the time for 
testing. 
(8) Time for testing: for cement mortar was 1, 3, 7 and 28 
days; while for concrete was 3, 7, 28 and 91 days.  
TABLE VI.  MIX PROPORTION 
Material Mortar Concrete 
W/C 0.3 0.4 
Water 562.8 gr 169 kg 
Cement 1876 gr 422 kg 
Fine aggregate 1350 gr 670 kg 
Coarse aggregate - 1066 kg 
 
III. RESULTS AND DISCUSSION 
A. Cement Mortar 
Fig. 1 and 2 show the compressive strength and tensile 
strength of mortar, respectively. All of the mixture met the 
requirement of strength of 60 N/mm2
 
 at 28 days. The test 
results of mortar strength at 1, 3, 7 and 28 days pointed that the 
cement mortar compressive strength and tensile strength 
increased in all mixtures. Strength development is almost same 
for a wide variety of mixing water, and both original and 
artificial seawater showed higher strength than fresh water.  
Fig. 1 Development of compressive strength mortar 
 The compressive ratio was defined as the ratio between the 
compressive strength of mortar mixed with seawater (artificial 
and original) and that mixed with fresh water. From Table VII, 
the ratio were somewhere between 1.02 to 1.09, and the 
influence of mixing water did not increase significantly. While 
on the tensile strength, an average ratio of 1.10 as shown in 
Fig. 2. 
TABLE VII.  COMPRESSIVE STRENGTH RATIOS 
Mixing water Compressive Strength Ratio 1d 3d 7d 28d 
Seawater 1.04 1.03 1.02 1.02 
NaCl 25 1.04 1.05 1.05 1.04 
NaCl 5% 1.07 1.08 1.09 1.06 
*Analysis data 
 
 
 
Fig. 2 Development of tensile strength mortar 
 The correlation between tensile strength and compressive 
strength of mortar are presented in Fig. 3. From this figure, the 
correlation is 1/12 for fresh water and 1/11 for seawater, all 
data met the requirement from 1/10 to 1/14.  
 
Fig. 3 Correlation between tensile strength and compressive strength 
 Fig. 4 shows the modulus of rupture of mortar. From this 
figure, seawater as mixing water demonstrated a 10% 
increasing in modulus of rupture at 7 days and 17% at 28 days 
compared to fresh water.  
 
 Fig. 4 Modulus of rupture mortar 
 The setting time of cement slightly increase when using 
seawater as mixing water, as presented in Table V. The 
0
10
20
30
40
50
60
70
0 5 10 15 20 25 30
C
om
pr
es
siv
e 
St
re
ng
th
 (N
/m
m
2 )
Elapsed Time (day)
Fresh water
Seawater
NaCl 2%
NaCl 5%
 
0
1
2
3
4
5
6
0 5 10 15 20 25 30
Te
ns
ile
 S
tr
en
gt
h 
(N
/m
m
2 )
Elapsed Time (day)
Fresh water
Seawater
 
0
1
2
3
4
5
6
0 10 20 30 40 50 60 70
Te
ns
ile
 S
tr
en
gt
h 
(N
/m
m
2 )
Compressive Strength (N/mm2)
Fresh water
Seawater
 
0
1
2
3
4
5
6
7
8
0 5 10 15 20 25 30
M
od
ul
us
 o
f R
up
tu
re
 (N
/m
m
2 )
Elapsed Time (day)
Fresh water
Seawater
 
increasing of setting time may due to Portland composite 
cement reacts with chloride ion from seawater which postpone 
the hydration process. However, the delay setting time did not 
affect the mechanical properties of mortar significantly. 
B. Concrete 
Development of compressive strength concrete is presented 
in Fig. 5. All of the mixture met the requirement of 30 N/mm2
 
 
strength at 28 days. The test results at 3, 7, 28 and 91 days 
pointed that the concrete compressive strength increased in all 
mixtures. In cement mortar, increasing in compressive strength 
by using sea water as mixing water show the same results when 
using fresh water. The same behavior will be repeated on the 
concrete, however, if seawater is also used as curing water, a 
significant increase in compressive strength of 8% at 28 and 91 
days as shown in Fig. 5. Modulus of elasticity of concrete at 91 
days is described in Table VIII. Compressive strength and 
elastic modulus of concrete by using sea water as mixing water 
and curing water presented the highest value compare the 
other. 
Fig. 5 Development of compressive strength concrete 
Cement that reacts with seawater will generate Friedelt`s 
salt and ettringite. Chloride ion of some salts in concrete can 
be either dissolved in the pore solution as free chlorides, or 
chemically and physically bound to the cement hydrates. The 
bound of chloride with cement hydrates is called Friedelt`s salt 
[3]. Ettringite was generated from the reaction between the 
cement hydrates and content of SO4
TABLE VIII.  MODULUS OF ELASTISICITY (N/MM
 in the sea water. 
However, the hydration of control mixtures (fresh water) did 
not produce Friedelt`s salt and ettringite [4]. Thus, it may be 
concluded that seawater, on mixing, affects the rate of gain in 
strength. 
2
Mixing Water 
) 
Experimental Empirical 
Fresh water 27,914.38 28,492.2 
Seawater 30,773.94 29,434.2 
NaCl 2% 27,322.76 28,970.8 
NaCl 55 29,022.59 29,201.3 
*Analysis data 
IV. CONCLUDING REMARKS 
 The interim results showed that seawater can be used as 
mixing water and curing water. Although the setting time of 
cement increased by using seawater, however, it did not 
significantly affect the mechanical properties of mortar and 
concrete. In addition, strength of mortar and concrete increase 
when using seawater as mixing water. 
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